We describe a film coating facility for the development of multilayer mirrors for use in neutron optical devices that handle slow neutron beams. Recently, we succeeded in fabricating a large neutron supermirror with high reflectivity using an ion beam sputtering system (KUR-IBS), as well as all neutron supermirrors in two neutron guide tubes at BL06 at J-PARC/MLF. We also realized a large flexible self-standing m=5 NiC/Ti supermirror and very small d-spacing (d=1.65 nm) multilayer sheets. In this paper, we present an overview of the performance and utility of non-magnetic neutron multilayer mirrors fabricated with the KUR-IBS
25
The effective substrate area at the JAEA-IBS system is 500 mm in diameter. It is possible to fabricate a lot of 26 supermirrors in a neutron guide tube and focusing mirror. On the other hand, the maximum substrate area at the 27 KUR-IBS was limited to 200 mm in diameter, and the effective substrate area was smaller than the designed value due 28 to the small ion gun size.
29
In general, DC magnetron sputter is popular for the production of neutron multilayer mirrors, since it is possible to 30 produce large sizes at reasonable cost with high throughput deposition [11] [12] [13] [14] [15] [16] [17] . The smaller size was particularly 31 limited in actual application. Recently, we succeeded in enlarging the effective deposition size without significantly 32 modifying the KUR-IBS. The throughput deposition rate was almost the same as that in our previous work [5, 18] , and 33 production costs were also reasonable. In addition, we recently successfully fabricated all neutron supermirrors in two 34 neutron guide tubes using the KUR-IBS, the total length of which was 29 m at BL06 at J-PARC/MLF [19] . In this 35 study, we present an overview of the performance and utility of the non-magnetic neutron multilayer mirrors fabricated 36 by the KUR-IBS.
37
2. Multilayer fabrication system and the performance of small-size multilayers 38 Figure 1 shows the schematic structure of the KUR-IBS coating system, in which the outlet of the ion gun is 12 cm in 39 diameter. The system is a special modified version of the Veeco IBD-350. 
61
The incident neutron wavelength was 0.88 nm, the resolution was 2.7% in FWHM, and the divergent angle was smaller 
69
In order to fabricate a large-m supermirror and wide-band small d-spacing multilayer with high reflectivity, even with a 70 theoretically smooth surface and ideal layer structure, the required number of layers increases to the fourth power of m.
71
The surface and interface roughness of the multilayer increases with total thickness, and we tested the performance of a 
98
Geometrically, the process vacuum chamber could accept insertion of discs up to 500 mm in diameter. We decided to 99 stop using the lord lock system and developed a new substrate holding system. The outlet of the ion gun size was about 100 12 cm in diameter, and the thickness of the uniform area was almost the same as the outlet size. than that with φ= -65 degrees; however, the thickness dependence is similar to a triangle, as shown in Fig. 5(c) .
105
In the cross-sectional geometrical view, it is possible to fabricate large multilayer mirrors by rotating the substrate 106 holder. When we introduced a collimator between the target and the substrate holder, we could get a larger uniform 107 layer; however, the throughput was dramatically reduced. We aimed to demonstrate that actual production of large-size 
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In the previous section, we clearly demonstrated that a large-size multilayer mirror can be fabricated even with a small 124 ion gun. This technique enables us to fabricate supermirrors on curved surfaces for ellipsoidal focusing mirrors.
125
Recently, forming and polishing techniques for curved substrates have been dramatically improved [25, 26] ; however,
126
it is still very difficult to develop a large-m and small d-spacing multilayer mirror because it takes a long time to 127 fabricate and the coatings can easily peel off from the substrate due to the increase of internal stress of the multilayer.
128
The stress increases with total thickness, and sometimes destroys the surface of the glass substrate. should be the thickest NiC layer and thinnest d-spacing, respectively. In Fig.7 (b) , the winding direction was controlled 144 in the right direction for the use of the nesting mirrors. We cut 5 cm squares from the outer circumference of the sheet 145 and affixed them on the glass plate with thin double-sided tape, 0.01 mm thick. As shown in Fig. 8 , the reflectivity even 146 at the outer circumference was nearly the same as that of an ordinary flat supermirror on the glass substrate. It is 147 possible to put the layer on the inner surface of an ellipsoidal shape; however, it is still very difficult to control the 148 waviness, and it is necessary to improve the forming fixation for the use of axisymmetric focusing devices.
There are some applications for VCN experiments without the improvement, since the required form accuracy is not so ) was low. The low reflectivity is estimated with interfacial roughness of 0.7 nm.
156
The sputtering condition for large size was not optimized for the thinnest d-spacing. In the part cut off from the outer 157 circumference of the sheet, the effective deposition rate is high. 
167
The effective deposition area was enlarged to 460 mm in diameter and high-performance large-size neutron multilayer 168 mirrors were fabricated, even though the size of the KUR-IBS ion gun was much smaller than the deposition area. 221
